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Several investigations have suggested a putative tu- 
!»or suppressor role for lysy! oxidase been use it is down- 
regulated in many human and oncogene-induced tu- 
mors. To address this issue we down-regulated the 
enzyme in normal rsii kidney fibroblasts by stable trans- 
fection of its cDNA in an antisense orientation. The se- 
lected clones revealed an absence of lysyl oxidase and 
dramatic phenotypie changes, interpretabie as signs of 
transformation. The antisense lysyl oxidase clones 
showed, indeed, loose attachment to the plate and an- 
chorage-independent growth si nd were highly tuniori- 
genie in nude mice. Moreover, we found an impaired 
response of the PDGF and IGF-1 receptors to their ii- 
gands. In particular, the transformed cells showed a 
down-regulation of both PDGF receptors and expressed 
the 105-kDa isoform of the IGF- 10 receptor, which was 
not present in the nor mill control cells. The hick of re- 
sponse to PDGF-BB has been described as a feature of 
many ros- transformed phenotypes. Therefore, we 
looked at the status of the p21™*. Indeed, we found a 
significantly higher level of active p21 rfls both during 
steads' - - state growth and prolonged starvation. Our data 
reveal new evidence for a tumor suppressor activity of 
lysyl oxidase, highlighting its particular role in control- 
ling Ras activation and growth factor dependence. 



Lysyl oxidase (LOX) 1 (protein -6 -oxidase; EC 1.43.13) is she 
key enzyme that, controls collagen and elastin maturation (1, 
2), Indeed, it. catalyzes the oxidative deami nation of peptidyl 
lysine and hydroxylysine to peptidyl-a-aminoadipic-d-semia]- 
dehyde into elastin and collagen chains. The consequent alde- 
hydes lead to a spontaneous condensation forming inter- and 
intra chain cross -links. This post-translational modification of 
extracellular matrix molecules seems to have a very important 
role both tor collagen and elastin structural aspects and for 
triggering still unknown signal transduction pathways. Sev- 
eral reports have suggested a clear association between organ 
fibrosis and increased LOX activity (3-9). 
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Research, the French Center National de !a Becherche Sciantifique, and 
by the French Association da ia Recherche pour le Cancer. The costs of 
publication of this article were defrayed in part by the payment of papa 
charges. This article must therefore be hereby marked "advertisement" 
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. 
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1 The abbreviations used are: LOX, lysyl oxidase; LOL, LOX-like; 
NEK, normal rat kidney, PAGE, pciyacrylamide gel electrophoresis; 
PCS, polymerase chain reaction; PCS, fetal calf serum; IGF, insulin- 
like growth factor, PDGF, platelet-derived growth factor. 



The most, intriguing aspect, regarding LOX activity refers to 
its putative cell phenotype control and/or tumor suppressor 
activity. In many naturally occurring and oncogene-induced 
tumors, LOX is down -regulated, while, in contrast, LOX is one 
of the main genes induced in concomitance with the reversion 
process (10-14). In particular it seems that LOX was down- 
regulated in cells transformed by ras or ras- dependent onco- 
genes, so that it was first identified as a "ras recision gene" Org) 
(10, 11. 13). In particular, Friedman and co-workers (10, 11) 
showed that H-ras-transfected NIH-3T3, induced to revert by 
interferon S/>, would return to their transformed phenotype 
upoti taiiisfection with an antisense LOX vector. The reversion 
or the re-trarusforsnation did not affect the level of p21™ al- 
though other possible mechanisms or parameters were not 
studied (10). 

The localization of the enzyme is mainly extracellular, al- 
though recently it has been confirmed that processed LOX is 
localized intracellular!)' and inside the nucleus (16-18). Our 
recent finding thai. LOX can enhance the transcriptional activ- 
ity of the COL3A1 promoter (15) seems to suggest a direct 
function for LOX in the nucleus. Therefore, LOX may have an 
intracellular substrate' s) that mediates its ability to control the 
cell phenotype. Despite these intriguing findings, there are no 
hypotheses to date about the mechanism through which LOX 
might actually work as a tumor suppressor. In the present 
study we have addressed tills issue by studying the effects of 
the down -regulation of LOX in normal rat kidney fibroblast 
cells (NRK-49P). 

MATERIALS AMD METHODS 



Vector and TrmsfattoK-imKA&P cells were stably 
transacted with pCLOS vector, a pCBNAS plasmid carrying the frag- 
ment, from -33 to +985 of the mouse LOX. coding sequence (13} in 
antisense orientation subcloned in Kpnl and Xhal restriction sites. A 
control transection on the same cells was performed with the pCDNAS 
vector alone. Both transactions were performed in quadruplicates. 
Several pCLOS clones (as-LOX) were isolated after extensive selection 
with G418 and designated as B DM -AL- A f E /C i'D for those derived from 
the antisense IvOX-transfected slates. The controls were named DDM- 
A/B/C/D. Prom the clones A/E/CAB of both transections further clones 
were selected and designated by a number following the letter of the 
original clone ie.g. Al, A2.--C4). 

Cell Culture — NRK-4SF were grown in Bulbecoo's modified Eagle's 
medium, lOS fetal calf serum (FCS), 1% glutamine, i% nonessential 
amino acids, and antibiotics at 37 °C, 6% C0 2 in a humidified incubator. 
The clones derived from the transaction with pcBNAS and pCLOS 
plasmidswere selected by adding 400 ,;;.g/ml G-418 to the above medium 
for at least a month. K-NBK. normal rat kidney fibroblasts transformed 
by K-ras (American Tissue and Cell Culture (ATCC) , Manassas, VA), 
were grown in the same medium as above. LF8-3 cells, NIH-3T3 
fibroblasts transformed by Ha-Bas**- 32 , were grown in the same me- 
dium as above, but with 1% pyruvate and without nonessential amino 
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1. A, phenotype comparison between the control cells, NBK-49F trans fected with vector alone (poper 

:elis (DDM-04) and pCLOS/as-LOXc 



■ panels) and as-LOX ceils {loicer 

parish). In the left panels coritroi-transfected NRK-49F cells (DDM-C4) and pCLOS/as-LOX clone DDM-AL-A4 were grown in their normal madium 
containing 10% PCS. In the right aa-nels the same cells were grown for 48 h without 10% FCS (starvation). Notice the increase in the eel: density 
for as-LOX even after starvation (compare lower panels, left and right) . S, graph showing the growth in control ceils (DDM-C4) and as-LOX cells 
(DDM-AL-A4). About 20,000 of the indicated cells were seeded in S6-ram plates in their normal culture conditions. After adhesion to the plate (24 
h), the cells were deprived of FCS for 48 h. Subsequently the growth medium was re-integrated with 10% FCS, and the cells were grown for 8 more 
clays, The same results are shown in the inset, but using a logarithmic scale to express the number of cells, This allows the detection of the dramatic 
cell growth arrest and death in the control cell line during- the 48 h of starvation. The results expressed are the average ± S.E. of a typical 
experiment performed in triplicate, 



Fig. 2, LOS and LOL protein ex- 
pression in control and as-LOX ceils. 

30 ng of total cell iy sates from the indi- 
cated cell lines were analyzed by Western 
blot with anti-LOX (A, Ref 7)' and anii- 
LOL (B, Eef. 22) rabbit polyclonal. In the 
figure, the hands corresponding to LOX 
and LOL precursors are indicated. The 
as-LOX clone used in this experiment, was 
DDM-AL-A4, but similar results were ob- 
tained with almost all the tested as-LOX 
clones. 
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acids (kindly provided by Dr. Juan Carlos Lacal, Ir 
gaciones Biomedicas, CSIC, Madrid, Spain}, 
rived from a mammary carcinoma tumor (ATC 
same medium as for NHK-43F, but without i 

An oh orage- i ndepen dent Colon y-fo rm tn g As 
35-mm plate were seeded in 0.85% top agsros 
of 0.5% ags.rose. Both agarose layers were prepared to contain 1 x of the 
medium required for the indicated cells. The plates were incubated at 
37 °C, 5% CO E under humidified conditions. 

Tuinorigenicity of as-LOX Cells in Nude Mice — 5-week-old nude mice 
clone crl:cdl-nuBE (Charles River, Lecco, Italy) were injected subcuta- 
neously with 10 s cells from the following cell lines: controls, NEE-49F, 
and DDM-C4 (NHK-49F transfected with pCDNAS.i alone); as-LOX, 
DDM-AL-A4 and -C6; positive control, LPS -3. The mice were kept 
under standard sterile conditions and followed for the indicated times. 
The three dimensions, height <h), length (I), and width (w), of each tumor 
were measured at the indicated times, and the volumes were calculated 
according to the following formula: volume - :T>h(h 2 + 3a 2 )]/6, where a = 
(w + l)/4 (20). To test the recidivism of the primary neoplasias, tumors 
from one control individual and two from the as-LOX groups were excised. 
Then the animals were followed up for 8 weeks. 

Protein Analysis— -Total ceil lysates were prepared in radioimmune 
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Fio. 3. PGR detects the insertion of pCLOB in as-LOX clones. 
The figure shows that the expected 1.8-kilobase band is amplified only 
from the genomic DNA of the as-LOX ceils, whereas the control cell 
DNA produced only a smear. Lane 2 shows the expected amplification 
product using 10 rig of pCLO-3 as template. 
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precipitation buffer, .containing a protease mixture and the phospha- 
tase inhibitor. I and II mix tares (Sigma). The lysates were cleared by 
80-roin cen'trifiigation at £0,000 x g. Typically, SO fi,g of the total eel! 
lysate were separated on SDS-PAGE (21). Then the gels were analysed 
by Western blot with the commercial antibodies indicated in the respec- 
tive figures, Anti-LOX and anti-LOL rabbit polyclonal have been pre- 
viously described (7, 22). The recognized proteins were detected by 
using a secondary anti -rabbit antibody coupled to alkaline phosphatase 
and developing the blot with NET/BCIP reagents (Roche Molecular 
Biocheniicals, Mannheim, Germany). The irnmunoprecipitations were 
performed starting from 500 ng of total cell lysat.es, which were diluted 
to 500 ,ul with StaphA buffer', containing 8.8 rriM Na 2 HP0 4 , 1.6 rcM 
NaH 2 F0 4 , 0.1 aiNaCi, 1% Triton X-100, 0.1%SDS, 16 ;v* NaN 3 , The 
samples were first precieared with protein G-agarose resin (Hoche 
Molecular Biochemical*) and then incubated with the indicated anti- 
bodies for 2 h in an ice-cold bath. Finally, they were incubated overnight 
with 50 pi of protein G-agarose at 4 °C under vigorous shaking. The 
next day the resin was washed at least four times with StaphA plus 1% 
bovine serurn albumin (Sigma). The washed resin was finally resus- 
pended in 20 ui of Laemmli buffer and loaded onto SDS-FAGE for 
further Western blot analysis. 

Polymerase Cham Reaction (PGR)— To verity that the as-LOX cells 
carried the expression vector, we performed PCE to detect the plasmid, 
using as template the genomic BNA extracted from four independent 
as-LOX clones. The primers were designed to amplify a fragment over- 
lapping the plasmid and the antisense LOX sequence. The forward 
primer, specific for pCDNAS.l vector, was in position 707: 6'-GCAAAT- 
G G GC G GT AGG C GT GT AC - 8 ' , the reverse primer was specific for the 
antisense LOX sequence and designed in position 2304: S' -GTCACGCT- 
GCGCGTAACCACCACA-8'. The expected product was about 1.8 kilo- 
bases. The samples were amplified ibr 32 cycles with an annealing at 
58 "C for 30 », and the extension step was at 72 °C for 1 min. In the 
incubation buffer supplied by the manufacturer (Hoche Molecular Bio- 
chemicals) fife dimethyl sulfoxide was added. 

RESULTS AND DISCUSSION 

The lysyl oxidase antisense clones (as-LOX) clones showed 
striking phenotypic changes when compared with the control 
clones (Fig. 1A). The Western blot analysis (Fig. 2A) showed a 
dramatic down -regulation of LOX in the as-LOX clone (DDM- 
AL-A4), where the protein was practically undetectable. The 
same results were obtained in many other as-LOX clones, prov- 



ing thai LOX down-regulation was not the random product of a 
genomic -insertion effect (data not shown). Y7e:c on finned, with 
PGR the presence of the transfecting vector pCLOS integrated 
in their genomic DNA (Fig. 3). Fig. 25 also showed that the 
antisense sequence did not block, the translation ofLOX-like 
i LOL i messenger, the most LOX-related among the other com- 
ponents of the LOX gene family (23-26). as-LOX cells showed a 
faster and more continuous growth with confluence reached at 
a number of cells that was higher than the controls (Fig. IS) 
and a looser attachment to the plate. Moreover, we noticed a 
stronger ability to grow under starvation conditions for snore 
than 48 h, whereas the control clones showed a typical suffer- 
ance evident from the reduction of the cytosolic compartment 
and elongation of the cell body (Fig. 1A). The same picture 
shows that the density of the as-LOX cells increased despite 
starvation, whereas there was no growth in the control cells, 
and cell death was evident (Fig. \ ,A. and .8). These observations 
prompted us to look for the typical features of tumorigenicity. 
Fig. 4, A and B shows a soft-agar colony-forming assay th at- 
tests the ability of the cells to grow under anchorage -indepen- 
dent conditions. The experiment also included two positive 
controls, K-NRK cells, K.-ras oncogene -transformed homolo- 
gous to NRK-49F, and a mammary tumor ceil line, MCF-7. In 
Fig. 4A ; a macroscopic comparison of the colony-forming ability 
of two control clones versus two as-LOX. clones selected from 
two independent transfeetions is shown. It is clear that as-LOX 
can grow in soft-agar forming a great number of large colonies, 
whereas the control cells formed fewer and smaller colonies, 
almost, undetectable to the naked eye. As expected, K-NEK and 
MCF-7 cells also formed colonies, although K-NRK to a lesser 
extent. Fig. 4S shows a microscopic image of the colonies 
tormed by the tested ceil lines. It appears that as-LOX clones 
and MCF-7 produced comparable size colonies. As a further 
approach to define the transformed status of as-LOX cells, we 
tested their tumorigenicity when injected in nude mice. We 
injected subcutaneously 10~ ! " ! cells/mouse in a total of 14 ani- 
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mals for each cell line tested. We used two selected as-LOX. 
clones, DDM-AL/A4 and C6, and a NIH-3T3 eel] line trans- 
formed by Ha-ras v * 1 " 12 (LPS -3) (27) us a positive control. We 
used NRK-49F cells trans fee ted with the vector alone as well as 
the parental NRK-49F cells as; negative controls. The mice 
injected with either as-LOX clones had a strong and extremely 
rapid tumorigenie response (Fig. 5A). Subcutaneous nodules 
were already detectable after four days from the injection. The 
negative controls did not show any signs of tumor. The mice 
injected with LPS -3 cells also developed small tumors during 
the first week, and between day 8 and 14 they developed 
tumors comparable in size to the ones formed in the as-LOX- 
injected mice. The histology showed that the tumors developed 
by as-LOX cells were classical fibrosarcomas (data not shown). 
Late in the experiment, 5 of 28 control mice developed some 
very small tumors. A potential tumorigenicity of NRK-49F is 
also mentioned in the American Tissue and Cell Culture cata- 
log and seems to be suggested also by those little colonies 
developed in our soft-agar experiments (Fig. 4, .A and B). More- 
over, to test the metastatic potential of the tumors developed in 
the as -LOX. -injected mice, we excised the tumors in two ani- 
mals from (.he group and followed them up for recidivism. After 
10-15 days from the excision of the primary tumor, both ani- 
mals developed a very aggressive secondary tumor, witnessing 
a high metastatic potential (Fig. 5B>. In fact, in the autopsy of 
the two tested animals, we found a massive infiltration of the 
peritoneum and lungs (Fig. 5C). We submitted one of the con- 
trol animals, which had developed a small tumor, to the same 
procedure, but it did not show recidivism during the tested 
time. Fig. 5D shows a graphical comparison of tumor develop- 
ment among the tested cell lines. The tumorigenicity induced 



by LOX down -regulation is striking and comparable with the 
one induced by the NH1-3T3 ceils expressing the activated 
/ooo- pro to* 'lingerie ' LPS -3). 

In an attempt to characterize the as-LOX cells at a molecular 
level, we investigated the response to several growth factors 
and the levels of their respective receptors. Among them, we 
found that the treatment with PDGF-BB did not produce tyro- 
sine autopbosphorySation of the PDGF-j3 receptor. Fig. OA (up- 
per panel) shows the anti-phosphotyrosine immunoblot of the 
immimopreeipita ted FDGF-/3 receptor from control and as-LOX 
cells after 5 and 10 min of PDGF-BB treatment. It clearly 
appears that the tyrosine phosphorylation of the receptor occurs 
only in the control cells, whereas the signal is completely absent in 
the as-LOX cells. Surprisingly, when we challenged the same im- 
munoprecipitate with a specific anti-PDGF-/3 receptor to control 
the efficiency of the immu no precipitation, we could not detect a 
band in the as-LOX clones (Fig. 6,4., lower panel). 'Thus, the 
absence of response seems to be due to a dramatic down- 
regulation of the receptor itself, rather than to a biochemical 
defect. These results prompted us to test the response of the 
PDGF-ct receptor as well, to verify if our finding was isolated to 
the ,8 receptor. Fig. SB shows that also in this case there was no 
autophosphoryiation of the receptor upon PDGF-BB triggering 
(upper panel), because of its dramatically inhibited expression 
(lower panel). The same results were obtained challenging the 
cells with PDGF-AA (data not shown). Moreover, we analyzed 
the response to another important growth factor, IGF-1, often 
implicated in transformation and tumorigenesis as well as in 
differentiation processes (28-31). Surprisingly, we detected an 
abnormal expression of the IGF-1 £ receptor, appreciably dif- 
ferent in molecular weight and amount. Fig. 7A shows that 
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Fig 8. Impaired response oi ! PDGF-/3 and -a Exceptors to 
PDGF-BB to as-LOX ceils. A, ceils were starved for 48 h and then 
treated with 60 rig/ml of PDGF-BB for the indicated times. 500 jsgof 
total ceil lysates were imrnunoprecipitated with 2 /.eg/ml of anti-PDGF-jS 
receptor rabbit polyclonal antibodies (Upstate Biotechnology. Lake 
Placid, NY), The imrnunoprecipitated proteins were divided into two 
aiiquots and analysed by Western blot on 8% SDS-FAGE with anti- 
phosphotyrosine monoclonal antibodies (PY-9Stsc-?020, Santa Cruz 
Biotechnologies; upper panel) or anti-FDOF-(3 receptor rabbit poly- 
clonal antibodies (lower panel) . B, ceils were starved for 48 h and then 
treated with 50 ng/mi of FBGF-BB for 10 rain. 500 pg of total cell 
ly sates were imrnunoprecipitated with anti-PBGF-ti receptor rabbit 
polyclonal antibodies (C-20:sc-888, Santa Cms Biotechnologies); di- 
vided into two aiiquots and blotted with anti-phosphot.yrosine mono- 
clonal antibodies (FY-99; upper panel) or anti-PBGF-e receptor rabbit 
polyclonal antibodies (lower pa.nel). O, control cells (DDM-C4), AL, 
as-LOX (DDM-AL-A4) clone. Other as-LOX clones gave the same re- 
sults. The figure is representative of at least three independent 
experiments. 



while NEK.-49F and control -transfee ted cells exhibited the nor- 
mal 95-kDa preceptor, the as-LOX showed a higher expression 
ol" the 105-kDa isoform. Interestingly, in the same Western blot 
it can be observed that, the LPS --3 cell line (NIH-3T3 express- 
ing activated Ha-ra-s) predominantly displayed the same recep- 
tor isoform. This 105-kDa variant seems to be tissue-specific 
and, according to some investigators, expressed during fetal 
development (32-35) or even in leukemic cells (36). A func- 
tional analysis of the IGF-ljs receptor showed that again in 
as-LOX cells there was no auto phosphorylation upon IGF-1 
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Fig. 7. Impaired response of IGF-1£S receptor to IGF-1 in as- 
LOX cells, A, 30 itg of the indicated cell lysates were analysed by 
Western blot with anti-IGF-ljS receptor polyclonal antibodies (C-2u:sc- 
713). B, ceils were starved for 48 h and then treated with 5 ng/mi of 
IGF-1 for 10 rnin. 500 /.ig of total cell lysates were imrnunoprecipitated 
with anti-IGF-lp receptor polyclonal antibodies, divided into two aii- 
quots and analyzed by Western blot with anti-phospho tyrosine mono- 
clonal_antibodies (PY-99) or C, anti-IGF-1/3 receptor polyclonal antibod- 
ies. The figure is representative of at least three independent 
experiments. 



challenging (Pig. 6, B and C), although this isoform has been 
described as fully functional. 

The down-regulation and/or absence of PDGF receptor auto- 
phosphoiylatioB are a recurrent feature of some of the ras- 
transformed cell lines (37-39). Therefore, we analysed the 
functional state of p21 ra! by using the Raf-1 Ras-Binding Do- 
main (RBB) pull-down assay, which specifically recognises the 
OTP-bound form of p21 rfts . Fig. 8A shows that the active frac- 
tion of p21™ s is highly increased in the two as-LOX clones that 
we used to induce tumors in the a thymic mice. The same blot 
showed that the difference in the activated fraction of p21" IS is 
not because of an increase in its total pool. Moreover, we 
studied the status of p2i" :s under different growth conditions: 
after 48 h of starvation, after 24 h of 10% FGS exposure fol- 
lowing starvation, or a steady-state confluent status. Fig. 8B 
shows that the activated form of the protein is overall much 
higher in the as-LOX ceils when compared with the control 
cells. Indeed, the active pSl™ 5 was between 25 and 11 times 
higher than the control cells (Fig. 8C), depending on their 
growth status. As expected, (.he difference was highest, after 
48 h of starvation, when normal ceils do not. show any activated 
p21 ras , whereas it was minimum (but still very high) after 
growth in 10% FCS, certainly as a result of the serum mito- 
genic stimulus. 

Our findings prove thatLOX can act as a tumor suppressor, 
at least in our cell model. Previous attempts to antagonise the 
tumorigenicity of ras- transformed cells by overexpressing LOX 
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Pig. 8, Constitutive activation of pSl™ in as-LOX ceils. A, (eft 
panel; the indicated calls were grown to subconfluance in their normal 
growth medium. 500 ag of total cell hi sate proteins were pulled down by 
Haf-1 BBD-agarose resin supplied with the "Activated Has Assay Kit", 
according to the manufacturer's indications (Upstate Biotechnology). 
The proteins separated on a 14% SDS-PAGE were then analysed by 
V/astern blot with anti-lias monoclonal antibodies (clone HASiO, up- 
state Biotechnology, Lake Placid, NY). Eight panel, 30 fig of the same 
total cell lysates were analyzed by Western blot using anti-Has mono- 
clonal antibodies (clone RAS10). B, About 3 X 10 s ceils/plate from each 
of the indicated clones were seeded in fifteen 100-mm Petri dishes and 
grown to subconfluence, Subsequently , they were starved for 48 h. by 
deprivation of PCS (Starvation). The cells from five Petri dishes were 
lysed as described in Fig. 2. The ceilE in rh- t-n jemnsnr dishes we:e 
added 10% PCS and grown for 24 h (8ta.ru I Serum) . The ceils from five 
more Petri dishes were then lysed. The rest of the cells were allowed to 
grow to confluence and finally lysed (Confluence). The proteins from all 
the lysates were pulled down by Raf-1 KBD-agarose resin, as described 
above, and blotted with anti-Ess monoclonal antibodies (clone SASiO). 
C, densitometry analysis of the Western blot showed in panel B, using 
NIH Image v,1.6. The figure is representative of at least four independ- 
ent experiments. 

did not ssueceed, 3 which is in agreement with the tumor sup- 
pressor theory. The lack of tumor suppressor can trigger the 
transformation process, if in a permissive genetic background 
(e.g. oncogene activation), bus. its increase cannot overcome an 
ongoing tumorigenic event. Perhaps, our NRK49F cells have a 
latent potential tumorigenicity, like many immortalized cell 
lines. In this contest, she knockdown of LOX unleashed their 
tumorigenic potential. Friedman and co-workers (10, 11) ob- 
tained similar results, but in a more artificial model, where the 
target cells, N3H-3T3, were already transformed by H-ras and 
eventually induced to revert by an interferon #7 treatment 
(10). In these reverted cells, the down-regulation of LOX by 
antisense transfection brought the cells back to their trans- 
formed phenotype. Although very intriguing, the pre-existenee 
of an activated p21™'" ! and the treatment with interferon-intro- 
duced variables might have influenced the results. In fact, the 



reversion by interferon did not affect the level of H-ras product, 
which, moreover, was under a heterologous LTR promoter. Our 
study confirms Friedman's findings, but in a more physiological 
model. Indeed, we used normal fibroblasts that did not show 
abnormal levels of active p2.t rlIS and seemed normally regu- 
lated by the main growth factors. We also showed that as-LOX 
cells were unresponsive to some growth factors, the meaning of 
which is more difficult to explain. As mentioned above, this is 
not a new feature for a transformed cell line. The most obvious 
and rational physiological meaning of this finding might be 
that the pathway downstream of the growth factor receptor is 
already activated. Indeed, this was the case, when we look at 
the constitutive activation of p2f™ ! in the as-LOX cells. As 
elsewhere suggested, our results also reinforced the idea of a 
control of LOX on ras proto- oncogene. From our data it cannot 
be determined if she activation of p21 ms is a direct consequence 
of a de-regulation depending on LOX. absence or is rather the 
indirect result of the ceil transformation. Certainly, Ras acti- 
vation must play an important role in the described tumori- 
genic process, probably enhanced by the loss of response to two 
important growth factors. Likely, other elements of the auto- 
genic pathway are activated as well, which might have trig- 
gered a negative feedback down -regulating the level of the 
receptors, at least for PDGF. A very recent study (40) suggests 
that thePDGF-jSreceptor canbe down -regulate din an ubiqui tin- 
dependent fashion as a consequence of loss of attachment to the 
substrate. We don't know yet, but a similar mechanism might 
be active in our as-LOX cells, because these cells display a 
looser attachment to the plate and, as a consequence, an ele- 
vated sensitivity to the iryp ih. 

Regarding the IGF- 1/3 receptor, the meaning of the 105-kDa 
iEofbrm is not clear. We believe that it is related to a sort; of 
(le-differeiitiat.ioii or trariKformat.ioii iut.o a different ceil type. 
Nevertheless, in this case she signal from the growth factor 
seems abolished. All together, our data suggest that the ab- 
sence of LOX determined a sort of growth factor independence. 
It should be recalled that growth factors are not synonymous to 
mitosis, but they are rather controllers of the cell cycle, main- 
taining the correct equilibrium with other extracellular sig- 
nals. In our case, at least two of these important controllers are 
lost and this, by itself, might account for the observed trans- 
formation. More studies need to be performed to analyze other 
elements of the signal transduction in the as-LOX celis, mainly 
involving site cell- substrate and cell-cell attachment, which 
also seem to be altered. More challenging is the goal of deter- 
mining the mechanisms by which the absence of LOX induced 
the described alterations. New insights will certainly be re- 
vealed by the identification of putative intracellular LOX. tar- 
gets or substrates, one of our nest goals. 
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